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ABSTRACT 
This study was carried out in Alshagara fish farm, Alshagara Fisheries 
Research Station, 11 Km south of Khartoum on the eastern bank of White 
Nile, to isolate and identify the aerobic bacteria associated with gills and 
intestines of apparently healthy Oreochromis niloticus. 
Sixty gill and 60 upper part of intestine samples of apparently healthy 
O. niloticus of different sizes 200 g -300 g and lengths 17 cm – 23 cm were 
aseptically collected in sterile containers from nursery earthen ponds (20 x 
50 m2 with depth 1 m) in Alshagara fish farm during the autumn season. 
Ponds water supply directly from White Nile River. Ponds water was daily 
examined through the measurement of pH, temperature and oxygen content 
of water in the ponds. Gill and intestine samples were inoculated onto blood 
agar and MacConkey agar media and incubated overnight at 37° C for 
isolation of aerobic bacteria. The purified isolates were identified according 
to Gram staining reaction, cell morphology, cultural characteristics, and 
biochemical characteristics. The sensitivity of bacteria isolated from 
apparently healthy O.niloticus to the following antibiotics 
Ampicillin/Sulbactam, Co-Trimoxazole, Cefotaxime, Chloramphenicol, 
Ciprofloxacin, Ceftizoxime, Tetracycline, Ofloxacin, Gentamycin and 
Pefloxacin was performed.  
All collected samples showed bacterial growth and yielded 167 
isolates. One hundred and thirty seven (82.04%) of isolates were found to be 
Gram-negative bacteria and the remaining 30 (17.96%) isolates were Gram 
positive bacteria. The Gram-negative bacteria isolated were 30 (25%) 
Aeromonas hydrophila, 11 (9.17%) Aeromonas sobria, 9 (7.5%) 
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Pseudomonas aeruginosa, 21 (17.5%) Citrobacter freundii, 16 (13.33%) 
Escherichia coli, 16 (13.33%) Enterobacter aerogenes and 34 (28.33%) 
Enterobacter cloacae. The Gram-positive bacteria isolated were 18 (15%) 
Bacillus macerans, 2 (1.67%) Micrococcus varians, 9 (7.5%) 
Staphylococcus  gallinarum and 1 (0.83%) Enterococcus casseliflavus. The 
result of sensitivity test was variable. Most species of bacteria isolated were 
sensitive to gentamycin (95.45%), chloramphenicol (92.73%), ciprofloxacin 
(91.82%) and Cefotaxime (90.91%) but highly resistant to 
Ampicillin/Sulbactam (50%). Pseudomonas aeruginosa and Enterococcus 
casseliflavus were resistant to ampicillin/sulbactam, ceftizoxime, 
tetracycline, ofloxacin and pefloxacin.  
In this study the aerobic bacteria of O. niloticus in Alshagara fish farm 
were identified. Some of these bacteria may cause bacterial diseases in fish 
farm if the environmental conditions in the farm are altered or fish’s 
resistance is reduced.   
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 اﻟﻤﺴﺘﺨﻠﺺ
 اﻟﺘﻲ ﺗﻘﻊ  وﻤﺤﻄﺔ ﺑﺤﻮث اﻷﺳﻤﺎك ﺑﺎﻟﺸﺠﺮةﺑ ﻣﺰرﻋﺔ أﺳﻤﺎك اﻟﺸﺠﺮةﻓﻲ أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ 
  ﺎﻳﻒ اﻟﺒﻜﺘﻴﺮﻳﻌﺮﺗﻟﻌﺰل و   وذﻟﻚ آﻢ ﺟﻨﻮب اﻟﺨﺮﻃﻮم ﻋﻠﻲ اﻟﻀﻔﺔ اﻟﺸﺮﻗﻴﺔ ﻟﻠﻨﻴﻞ اﻷﺑﻴﺾ11ﻋﻠﻲ ﺑﻌﺪ 
  . اﻟﻤﻮﺟﻮدة ﻓﻲ ﺧﻴﺎﺷﻴﻢ وأﻣﻌﺎء أﺳﻤﺎك اﻟﺒﻠﻄﻲ اﻟﻨﻴﻠﻲ اﻟﺴﻠﻴﻤﺔ ﻇﺎهﺮﻳﺎاﻟﻬﻮاﺋﻴﺔ
 ﻋﻴﻨﺔ ﻣﻦ اﻷﻣﻌﺎء ﻣﻦ أﺳﻤﺎك اﻟﺒﻠﻄﻲ اﻟﻨﻴﻠﻲ 06  ﻋﻴﻨﺔ ﻣﻦ اﻟﺨﻴﺎﺷﻴﻢ  و06اﻟﻐﺮض  أﺧﺬت ﻟﻬﺬا 
 ﻟﺮﻋﺎﻳﺔ اﻟﺘﺮاﺑﻴﺔا  ﺳﻢ ﻣﻦ أﺣﻮاض32 – ﺳﻢ 71 ﺟﺮام واﻷﻃﻮال 003 – ﺟﺮام 002ﺑﻤﺨﺘﻠﻒ اﻷﺣﺠﺎم 
اﻷﻣﺪاد اﻟﻤﺎﺋﻲ ﻷﺣﻮاض .  ﻓﻲ ﻓﺼﻞ اﻟﺨﺮﻳﻒﺑﻤﺰرﻋﺔ أﺳﻤﺎك اﻟﺸﺠﺮة(  م1 ﺑﻌﻤﻖ 2 م05 × 02)
درﺟﺔ اﻟﺤﺮارة وﻣﻌﺪل ،  ﻳﺘﻢ ﻗﻴﺎس اﻷس اﻟﻬﺎﻳﺪروﺟﻴﻨﻲ. ﻧﻬﺮ اﻟﻨﻴﻞ اﻷﺑﻴﺾاﻟﻤﺰرﻋﺔ ﻳﺎﺗﻲ ﻣﺒﺎﺷﺮة ﻣﻦ
 زرﻋﺖ ﻋﻴﻨﺎت اﻟﺨﻴﺎﺷﻴﻢ واﻷﻣﻌﺎء ﻓﻲ أوﺳﺎط اﺟﺎر اﻟﺪم وأﺟﺎر .اﻷوآﺴﺠﻴﻦ ﻟﻤﻴﺎﻩ اﻷﺣﻮاض ﻳﻮﻣﻴﺎ
.  اﻟﻬﻮاﺋﻴﺔ ﺎاﻟﺒﻜﺘﻴﺮﻳ درﺟﺔ ﻣﺌﻮﻳﺔ ﻟﻌﺰل 73 درﺟﺔ ﺣﺮارة  ﻋﻠﻲ ﺳﺎﻋﺔ42اﻟﻤﺎآﻮﻧﻜﻲ وﺣﻀﻨﺖ ﻟﻤﺪة 
اﻟﺨﺼﺎﺋﺺ اﻟﻤﺰرﻋﻴﺔ ، ﺷﻜﻞ اﻟﺨﻠﻴﺔ ، ﺴﺐ ﺗﻔﺎﻋﻠﻬﺎ ﻣﻊ ﺻﺒﻐﺔ اﻟﺠﺮام ﺻﻨﻔﺖ اﻟﻌﺰﻻت اﻟﻨﻘﻴﺔ ﺣ
ﺣﺴﺎﺳﻴﺔ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ ﻣﻦ أﺳﻤﺎك اﻟﺒﻠﻄﻲ اﻟﻨﻴﻠﻲ اﻟﺴﻠﻴﻤﺔ   ﺗﻢ  إﺧﺘﺒﺎر .واﻟﺨﺼﺎﺋﺺ اﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴﺔ
، ﺳﻴﻔﻮﺗﺎآﺴﻴﻢ ، آﻮﺗﺮاي ﻣﻮآﺴﺎزول ،  اﻟﺘﺎﻟﻴﺔ أﻣﺒﻴﺴﻴﻠﻴﻦ ﺳﻠﺒﺎآﺘﺎم ﻇﺎهﺮﻳﺎ  ﻟﻠﻤﻀﺎدات  اﻟﺤﻴﻮﻳﺔ
ﺟﻴﻨﺘﺎﻣﺎﻳﺴﻴﻦ و ، أوﻓﻠﻮآﺴﺎﺳﻴﻦ ، ﺗﺘﺮاﺳﻴﻜﻠﻴﻦ ، ﺳﻴﻔﺘﻲ زوآﺴﻴﻢ ، ﺮوﻓﻠﻮآﺴﺎﺳﻴﻦ ﺳﻴﺒ، آﻠﻮراﻣﻔﻴﻨﻴﻜﻮل 
  .ﺑﻲ ﻓﻠﻮآﺴﺎﺳﻴﻦ
وﺟﺪ .   ﻋﺰﻟﺔ ﻣﻦ اﻟﺒﻜﺘﻴﺮﻳﺎ761 ﻇﻬﺮ ﻧﻤﺆ واﺿﺢ ﻓﻲ آﻞ اﻟﻌﻴﻨﺎت  اﻟﻤﺴﺘﺰرﻋﺔ أﻋﻄﻰ    
 ﻋﺰﻟﻪ(69.71 )%03أﻣﺎ ال ،  ﻣﻦ اﻟﺒﻜﺘﻴﺮﻳﺎ اﻟﻤﻌﺰوﻟﺔ ﺳﺎﻟﺒﺔ ﻟﺼﺒﻐﺔ اﻟﺠﺮام ﻋﺰﻟﺔ )%40.28(731
اﻟﺒﻜﺘﻴﺮﻳﺎ  ﺳﺎﻟﺒﺔ  اﻟﺠﺮام  اﻟﺘﻲ  ﺗﻢ  ﻋﺰﻟﻬﺎ  ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ   .  ﻣﻮﺟﺒﺔ  ﻟﺼﺒﻐﺔ اﻟﺠﺮامﺔ  ﻓﻮﺟﺪتاﻟﻤﺘﺒﻘﻴ
  9  )%5.7( ، اﻹﻳﺮوﻣﻮﻧﺎس ﺳﻮﺑﺮﻳﺎ 11 )%71.9( ،اﻹﻳﺮوﻣﻮﻧﺎس هﺎﻳﺪروﻓﻴﻼ  03 )%52(آﺎﻧﺖ 
 اﻹﻳﺸﺮﻳﺸﻴﻪ  61  )%33.31(،   اﻟﺴﺘﺮوﺑﺎآﺘﺮ ﻓﺮﻳﻮﻧﺪاي 12 )%5.71( ،اﻟﺴﻮدوﻣﻮﻧﺎس إﻳﺮوﺟﻴﻨﻮﺳﺎ
أﻣﺎ  . اﻹﻧﺘﻴﺮوﺑﺎآﺘﺮ آﻠﻮاآﻲ 43 )%33.82(  و اﻹﻧﺘﻴﺮوﺑﺎآﺘﺮ إﻳﺮوﺟﻴﻨﺲ 61  )%33.31( ,آﻮﻻي
  2 )%76.1( ، اﻟﺒﺎﺳﻴﻠﺲ ﻣﺎﺳﻴﺮاﻧﺲ 81 )%51(اﻟﺒﻜﺘﻴﺮﻳﺎ  ﻣﻮﺟﺒﺔ  اﻟﺠﺮام  اﻟﺘﻲ  ﺗﻢ  ﻋﺰﻟﻬﺎ آﺎﻧﺖ 
اﻹﻧﺘﻴﺮوآﻮآﺲ  1  )%38.0( و   اﻹﺳﺘﺎﻓﻴﻠﻮآﻮآﺲ ﻗﺎﻟﻴﻨﻴﺮم 9  )%5.7( ، اﻟﻤﺎﻳﻜﺮوآﻮآﺲ ﻓﺎرﻳﺎﻧﺲ
  ﺎاﻟﺒﻜﺘﻴﺮﻳﺑﺎﻟﺮﻏﻢ ﻣﻦ أن ﻏﺎﻟﺒﻴﺔ أﻧﻮاع . ﺤﺴﺎﺳﻴﺔإﺧﺘﻼف ﻓﻲ اﻟﻇﻬﺮت  اﻟﻨﺘﺎﺋﺞ أ .ﻔﻠﻴﻔﺲآﻴﺴﻲ ﻟﻴ
   )%37.29(اﻟﻜﻠﻮراﻣﻔﻴﻨﻴﻜﻮل ، )%54.59(اﻟﻤﻌﺰوﻟﺔ أﻇﻬﺮت ﺣﺴﺎﺳﻴﺔ ﻋﺎﻟﻴﺔ ﻟﻠﺠﻴﻨﺘﺎﻣﺎﻳﺴﻴﻦ 
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 إﻻ أﻧﻬﺎ أﻇﻬﺮت ﻣﻘﺎوﻣﺔ ﻟﻸﻣﺒﻴﺴﻴﻠﻴﻦ  )%19.09(و ﺳﻴﻔﻮﺗﺎآﺴﻴﻢ )%28.19( اﻟﺴﺒﺮوﻓﻠﻮآﺴﺎﺳﻴﻦ ,
 أﻇﻬﺮت ﻣﻘﺎوﻣﺔ اﻹﻧﺘﻴﺮوآﻮآﺲ آﻴﺴﻲ ﻟﻴﻔﻠﻴﻔﺲ   واﻟﺴﻮدوﻣﻮﻧﺎس إﻳﺮوﺟﻴﻨﻮﺳﺎ (.05)%ﺳﻠﺒﺎآﺘﺎم 
  .و ﺑﻲ ﻓﻠﻮآﺴﺎﺳﻴﻦ ﺳﻴﻔﺘﻲ زوآﺴﻴﻢ  ,أوﻓﻠﻮآﺴﺎﺳﻴﻦ، ﺗﺘﺮاﺳﻴﻜﻠﻴﻦ ،  أﻣﺒﻴﺴﻴﻠﻴﻦ ﺳﻠﺒﺎآﺘﺎم
 اﻟﻤﻮﺟﻮدة ﻓﻲ ﺧﻴﺎﺷﻴﻢ وأﻣﻌﺎء اﻟﻬﻮاﺋﻴﺔ ﺎاﻟﺒﻜﺘﻴﺮﻳ اﻟﺘﻌﺮف ﻋﻠﻲوﻣﻦ ﻧﺘﺎﺋﺞ هﺬﻩ اﻟﺪراﺳﺔ ﺗﻢ 
ث اﻷﻣﺮاض ﺤﺪأن ﺗ ﻟﺘﻲ ﻳﺤﺘﻤﻞوا، ﺮﻳﺎ ﺑﻤﺰرﻋﺔ أﺳﻤﺎك اﻟﺸﺠﺮةأﺳﻤﺎك اﻟﺒﻠﻄﻲ اﻟﻨﻴﻠﻲ اﻟﺴﻠﻴﻤﺔ ﻇﺎه
  .  ﺑﺎﻟﻤﺰرﻋﺔ وإﻧﺨﻔﻀﺖ ﻣﻨﺎﻋﺔ اﻷﺳﻤﺎكﺒﻴﺌﺔ اﻟﻈﺮوف  إذا ﺗﻐﻴﺮت اﻟاﻟﺒﻜﺘﻴﺮﻳﺔ ﻓﻲ اﻷﺳﻤﺎك اﻟﻤﺴﺘﺰرﻋﺔ
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Introduction 
 
Aquaculture is the rearing of aquatic organism under controlled or 
semi-controlled conditions to maximize the output and achieve the highest 
possible efficiency of resource under utilization (Beverage et al., 1994); it is 
playing an important role in boosting global fish production and in meeting 
the rising demand for animal protein.                                                                
Fish farming initiation in the Sudan goes back to 1950 in connection 
of the development of Jonglei canal. Introduction of fish culture in ponds 
was not an urgent matter in Sudan due to availability of red meat and fish 
from natural waters. Towards the late fifties the first experimental fish farm 
came into existence at Alshagara, 11 km south of Khartoum on the eastern 
bank of the White Nile river (George, 1975). The important cultured fish in 
Alshagaras fish farm included Tilapia spp, Labeo niloticus, Clarias lazera 
and Lates niloticus. Oreochromis niloticus proved to be the most successful 
culturable species because it is present throughout the year, acceptable by 
consumer, tolerant adverse condition in captivity, accept prepared foods and 
easy to manage. 
Fish health in aquaculture is always in danger due to the presence of 
parasitic, viral, fungal and bacterial pathogens in its environment. Bacterial 
pathogens are among the most conspicuous one but sometimes non-
pathogenic bacteria interact with one another thus causing disease. 
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Bacterial diseases are responsible for heavy mortality in both wild and 
cultured fish species (Richards and Robert, 1978). Bacterial fish diseases 
constitute some of the major challenges facing sustainable aquaculture 
production.  
Aquaculture health management is vital to successful industry. The 
lack of effective diseases prevention and control are the chief limiting 
factors of the realization of highly stable fish production. Successful control 
of bacterial diseases of cultured fish is a major management and economic 
problem for the aquaculture industry. Diseased fishes are vehicles for human 
infection and deaths by septicemia (Veenstra et al., 1992). 
This study was carried out: 
 To isolates and identify the aerobic bacterial of gills and intestines of 
apparently healthy Oreochromis niloticus collected from nursery earthen 
ponds in Alshagara fish farm. 
 To determine antibiotic susceptibility of isolated bacteria.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 15
CHAPTER ONE 
LITERATURE REVIEW 
1.1 Fish: 
 Fish are aquatic vertebrate animals that are typical ectothermic 
(previously cold-blooded). They have a streamlined bodies that allow them 
to swim rapidly. They extract oxygen from water using gills or an accessory 
breathing organ to enable them to breathe atmospheric oxygen. 
 Fish have two sets of paired fins, usually one or two (rarely three) 
dorsal fins, anal fin, and tail fin. It has jaws, skin that is usually covered with 
scales, and lays eggs that are fertilized internally (Helfman et al., 1997). 
1.1.1 Digestive system: 
The digestive system of fish is similar to the digestive tract of other 
animals. Carnivorous fish have short digestive tract when compared to 
herbivorous fish. The advents of jaws allow fish to eat a much wider variety 
of food, including plants and other organisms. In fish, food is ingested 
through the mouth and then broken down in the esophagus. When it enters 
the stomach, the food is further broken down and, in many fish, further 
processed in fingerlike pouches called pyloric caeca. The pyloric caeca 
secrete digestive enzymes and absorb nutrients from the digested food. 
Organs such as the liver and pancreas add enzymes and various digestive 
chemicals as the food moves through the digestive tract. The intestine 
completes the process of digestion and nutrient absorption (Helfman et al., 
1997). 
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1.1.2 Respiratory system: 
 Most fish exchange gases by using gills that are located on either side 
of the pharynx. Gills are made up of threadlike structures called filaments. 
Each filament contains a network of capillaries that allow a large surface 
area for the exchange of oxygen and carbon dioxide. Fish exchange gases by 
pulling oxygen-rich water through their mouths and pumping it over their 
gill filaments. The blood in the capillaries flows in the opposite direction to 
the water, causing counter current exchange. They then push the oxygen-
poor water out through openings in the sides of the pharynx. Some fishes, 
like sharks and lampreys, possess multiple gill openings. However, most 
fishes have a single gill opening on each side of the body. This opening is 
hidden beneath a protective bony cover called an operculum (Helfman et al., 
1997). 
1.1.3 Cardiovascular system: 
 Fish have a closed circulatory system with a heart that pumps the 
blood in a single loop throughout the body. The blood goes from the heart to 
gills, from the gills to the rest of the body, and then back to the heart. In 
most fish, the heart consists of four parts, the sinus venosus, the atrium, the 
ventricle and the bulbus arteriosus. Despite consisting of four parts, the fish 
heart is still a two chambered heart. The sinus venosus is a thin-walled sac 
that collects blood from the fish's veins before allowing it to flow to the 
atrium, which is a large muscular chamber. The atrium serves as a one-way 
compartment for blood to flow into the ventricle. The ventricle is a thick-
walled, muscular chamber and it does the actual pumping for the heart. It 
pumps blood to a large tube called the bulbus arteriosus. At the front end, 
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the bulbus arteriosus connects to a large blood vessel called the aorta, 
through which blood flows to the fish's gills (Helfman et al., 1997). 
1.1.4 Excretory system: 
As with many aquatic animals, most fish release their nitrogenous 
wastes as ammonia. Some of the wastes diffuse through the gills into the 
surrounding water. Others are removed by the kidneys, excretory organs that 
filter wastes from the blood. Kidneys help fishes control the amount of 
ammonia in their bodies. Saltwater fish tend to lose water because of 
osmosis. In saltwater fish, the kidneys concentrate wastes and return as 
much water as possible back to the body. The reverse happens in freshwater 
fish, they tend to gain water continuously. The kidneys of freshwater fish are 
specially adapted to pump out large amounts of dilute urine. Some fish have 
specially adapted kidneys that change their function, allowing them to move 
from freshwater to saltwater (Helfman et al., 1997). 
1.1.5 Central nervous system: 
Fish typically have quite small brains relative to body size when 
compared with other vertebrates, typically one-fifteenth the mass of the 
brain from a similarly sized bird or mammal (Helfman et al., 1997). 
The brain is divided into several regions. At the front are the olfactory lobes, 
a pair of structure that receive and process signals from the nostrils via the 
two olfactory nerves. Behind the olfactory lobes is the two-lobed 
telencephalon, the equivalent structure to the cerebrum in higher vertebrates. 
Together these structures form the forebrain (Helfman et al., 1997). 
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Connecting the forebrain to the midbrain is the diencephalon. The pineal 
body lies just above the diencephalon. This structure performs many 
different functions including detecting light, maintaining circadian rhythms, 
and controlling colour changes (Helfman et al., 1997). 
The hindbrain or metencephalon is particularly involved in swimming and 
balance. The cerebellum is a single-lobed structure that is usually very large, 
typically the biggest part of the brain (Helfman et al., 1997). The brain stem 
or myelencephalon is the most posterior part of the brain. As well as 
controlling the functions of some of the muscles and body organs, in bony 
fish at least the brain stem is also concerned with respiration and 
osmoregulation (Helfman et al., 1997). 
1.1.6 Reproductive system: 
Fish reproductive organs include testes and ovaries. In most fish 
species, gonads are paired organs of similar size, which can be partially or 
totally fused. There may also be a range of secondary reproductive organs 
that help in increasing a fish's fitness. In terms of spermatogonia 
distribution, the structure of teleosts testes has two types: in the most 
common, spermatogonia occur all along the seminiferous tubules, while in 
Atherinomorph fishes they are confined to the distal portion of these 
structures. Fishes can present cystic or semi-cystic spermatogenesis in 
relation to the phase of release of germ cells in cysts to the seminiferous 
tubules lumen (Guimaraes-Cruz et al., 2005). 
Fish ovaries may be of three types: gymnovarian, secondary gymnovarian or 
cystovarian. In the first type, the oocytes are released directly into the 
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coelomic cavity and then enter the ostium, then through the oviduct and are 
eliminated. Secondary gymnovarian ovaries shed ova into the coelom and 
then they go directly into the oviduct. In the third type, the oocytes are 
conveyed to the exterior through the oviduct ( Brito and Bazzoli, 2003). 
Postovulatory follicles are structures formed after oocyte release; they do not 
have endocrine function, present a wide irregular lumen, and are rapidly 
reabosrbed in a process involving the apoptosis of follicular cells. A 
degenerative process called follicular atresia reabsorbs vitellogenic oocytes 
not spawned. This process can also occur, but less frequently, in oocytes in 
other development stages (Guimaraes-Cruz et al., 2005). 
1.1.7 Immune system: 
Types of immune organs vary between different types of fish, in the 
jawless fish (lampreys and hagfishes), true lymphoid organs are absent. 
Instead, these fish rely on regions of lymphoid tissue within other organs to 
produce their immune cells. For example, erythrocytes, macrophages and 
plasma cells are produced in the anterior kidney (or pronephros) and some 
areas of the gut (where granulocytes mature) resemble primitive bone 
marrow in hagfish. Cartilaginous fish (sharks and rays) have a more 
advanced immune system than the jawless fish. They have three specialized 
organs that are unique to chondrichthyes; the epigonal organs (lymphoid 
tissue similar to bone marrow of mammals) that surround the gonads, the 
Leydig's organ within the walls of their esophagus, and a spiral valve in their 
intestine. All these organs house typical immune cells (granulocytes, 
lymphocytes and plasma cells). They also possess an identifiable thymus and 
a well-developed spleen (their most important immune organ) where various 
lymphocytes, plasma cells and macrophages develop and are stored. 
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Chondrostean fish (sturgeons, paddlefish and birchirs) possess a major site 
for the production of granulocytes within a mass that is associated with the 
meninges (membranes surrounding the central nervous system) and their 
heart is frequently covered with tissue that contains lymphocytes, reticular 
cells and a small number of macrophages. The chondrostean kidney is an 
important hemopoietic organ; where erythrocytes, granulocytes, 
lymphocytes and macrophages develop. Like chondrostean fish, the major 
immune tissues of bony fish (or teleostei) include the kidney (especially the 
anterior kidney), where many different immune cells are housed. In addition, 
teleost fish possess a thymus, spleen and scattered immune areas within 
mucosal tissues (e.g. in the skin, gills, gut and gonads). Much like the 
mammalian immune system, teleost erythrocytes, neutrophils and 
granulocytes are believed to reside in the spleen whereas lymphocytes are 
the major cell type found in the thymus (Chilmonczyk, 1992; Hansen and 
Zapata, 1998).  
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1.2 Fish diseases: 
1.2.1 Parasites associated with fish diseases: 
1.2.1.1 Protozoa: 
1.2.1.1.1 Trypanosoma species: 
These parasites are found commonly in the blood of free-living fresh 
and salt-water species of fish over the world. They are found especially in 
cold-water species (Noga, 1996). Common pathogenic trypanosomes include 
T. carassi and T. borreli. Trypanosomes are transmitted by leeches; the only 
known method of treatment is to control the population of leeches (Noga, 
1996). 
1.2.1.1.2 Hexamita and Spironucleus species: 
Hexamita spp. and the closely related flagellate, Spironucleus have 
been associated with gastrointestinal disease in salmonids and aquarium fish. 
Predisposing stress appears to be a triggering factor, since Hexamita, 
Spironucleus and similar flagellates often reside in the intestinal tract of 
clinically normal fish (Noga, 1996). 
1.2.1.1.3 Ichthyophthirius species: 
Ichthyophthirius multifiliis is well known to the aquarium industry as 
the cause of itching and is one of the most common diseases of fresh water 
fish. Fish so affected are unlikely to survive (Noga, 1996). 
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1.2.1.1.4 Chilodonella species: 
Most Chilodonella spp are free-living protozoa, but two species, C. 
piscicola and C. hexasticha, are pathogenic for fish. Chilodonella piscicola 
infests virtually all fresh water fish, mainly fingerlings, and can also infest 
fish in brackish waters. Chilodonella hexasticha is less widely distributed 
but produces similar lesions, mainly in older fish (Noga, 1996). 
1.2.1.1.5 Amyloodinium species: 
Amyloodinium ocellatum is the cause of marine velvet disease and can 
also affect certain species of fish such as tilapia in brackish water (Noga, 
1996).  
1.2.1.1.6 Sphaerospora species: 
Sphaerospora renicola affects the swim bladder, kidneys and blood, 
Sphaerospora molnari infects the skin and gills. A Sphaerospora spp. has 
been suggested to be the cause of proliferative kidney disease (PKD) of 
salmonids, since fish that are recovering from this infection often have 
sporoblasts resembling those of a Sphaerospora spp. (Kent and Hedrick, 
1985). These findings provide evidence that PKD may be caused by the 
prespore stage of a myxopsporean parasite (Noga, 1996).  
1.2.1.1.7 Myxobolus species: 
Some species may be severe pathogens in either wild or captive fish. 
M. cyprini is potentially pathogenic species that infects cyprinid fish (Kent 
et al., 1996). It is a parasite of striated (skeletal) muscle where it causes 
rupture of the fibers it invades.  
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1.2.1. 2 Helminthes: 
1.2.1. 2.1 Acanthocephalans: 
Acanthocephalan (thorny-headed worms) infections may be found in 
wild-caught fish, but in cultured fish they are rare because of their complex 
life cycle that requires one or two intermediate hosts. Fish may be 
intermediate or final hosts (Noga, 1996). Taraschewski (1998) reported 
prevalence of Acanthocephalus anguillae in several species of fresh water 
fish in Germany. 
1.2.1. 2. 2 Cestoda: 
The enormous numbers of cestode species which have evolved with 
fishes in the world. Proteocephalus ambloplitis in which fishes serve as 
intermediate and primary hosts (Post, 1987). 
1.2.1. 2.3. Trematoda: 
The most important monogenean parasites (flukes) in all fresh water, 
many marine fish and cultured fish are the viviparous Gyrodactylids and the 
oviparous Dactylogyrids. They are external parasites. Monogenean parasites 
usually affect the gills, oral cavity, body surface and fins where they browse 
on debris from the skin and gills (Post, 1987). The gyrodactylids are 
primarily parasites of the skin and gills; the dactylogyrids are parasites of the 
gills (Noga, 1996).  
Digenean trematodes are internal parasites with a complex life cycle 
involving two to four hosts. Infection by Diplostomum volvens was noted in 
silver carp and to a lesser extent in common carps, and resulted in lower 
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increments in weight in affected fish. As well, some metacercariae of 
Diplostomum spp (eye fluke) can be dangerous, causing blindness and a 
resulting inability to find food (Noga, 1996).  
1.2.1. 2.4 Nematodes: 
Nematodes may be found in fishes in fresh water and salt water in 
every climatic zone in the world. A fish may be found with hundreds of 
nematodes of one or more species in various organs and tissues of the body 
yet living a relatively normal life (Post, 1987).  
1.2.1.3 Crustaceans: 
Most of these parasites affect marine fish, but some species are 
important parasites in fresh water systems. Most are parasites of the skin and 
gills, and a few penetrate deeply into tissues of the host (Noga, 1996). 
1.2.1.3.1 Ergasilus species: 
In small numbers they seem to cause few problems. However, their 
feeding activity does severe local damage, and heavy infestations can be 
damaging. Affect mainly the gills of fresh water fish. Wang et al. (2002) 
reported mortalities caused by Ergasilus spp in farmed silver and bighead 
carp in a reservoir in China. 
1.2.1.3.2 Argulus species: 
It is uncommon in fresh-water aquarium fish but may occur if wild or 
pond-reared fish are introduced; it is especially common on goldfish and koi, 
and is prevalent on many wild fresh-water fish. Argulus spp. can also 
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transmit viral or bacterial infections. According to Noga (1996), virtually the 
only genus encountered is Argulus, also called the fish louse.  
1.2.2 Viruses associated with fish diseases: 
1.2.2.1 Spring viremia of carp: 
Spring viremia of carp (SVC) is caused by Rhabdovirus carpio, a 
virus that has been responsible for high mortality in common carp, the 
species of carp most susceptible to this infection. Typically, this infection is 
characterized by abdominal swelling that is caused by ascites also called 
“dropsy (Harper, 2002) 
1.2.2.2 Infections caused by herpesviruses: 
Herpesvirus cyprini one member of Herpesviridae has been isolated 
from cyprinids. Cause disorder of the skin, characterized by mucoid to waxy 
white to yellow epidermal tumors on common and koi carp; healed lesions 
are usually black (Hedrick et al., 2000).  
1.2.2.3 Infectious pancreatic necrosis: 
Infectious pancreatic necrosis is caused by virus belonging to the 
family Birnaviridae. Although it induces disease primarily in salmonids, the 
causative virus of Infectious Pancreatic Necrosis (IPN) has been isolated 
from a number of non salmonid fish species (Noga, 1996).  
1.2.2.4 Viral hemorrhagic septicemia: 
 Disease of farmed rainbow trout and turbot as well as several wild 
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marine species, caused by virus belonging to the family Rhabdoviridae 
(Skall et al., 2004). 
1.2.3 Fungi associated with fish diseases: 
1.2.3.1 Saprolegnia parasitica: 
 Fungal disease of fishes and fish eggs caused by Saprolegnia 
parasitica. All fresh water and brackish water fishes and fish eggs are 
potentially susceptible to saprolegniasis. Dead fish eggs are growth medium 
for the fungi, and fungal growth on dead eggs may be responsible for killing 
normal eggs by suffocation and invasion. Presence of fluffy cotton like, 
white to gray growth on the skin, fins, gills or eyes of fishes or on fish eggs 
is sign of saprolegniasis (Post, 1987).  
1.2.3. 2 Branchiomyces species: 
This is a fungal disease, sometimes called gill rot, which has caused 
acute, often high mortality in a number of fresh water fish, including the 
American and European eel. There are two species, B. sanguinis which 
affects common carp and B. demigrans which infects large-mouth bass 
(Noga, 1996). 
Other miscellaneous mycotic agents, including Fusarium culmorum, 
which has produced infection of the skin and eyes in common carp, have 
been reported from Europe. A Cryptococcus spp. has been recovered from 
tench affected with bilateral exophthalmia in Europe (Noga, 1996). 
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1.2.4 Bacteria associated with fish diseases: 
1.2.4.1 Edwardsiella species:   
Edwardsiella species are Gram-negative, rod-shaped bacteria.     
Edwardsiella tarda and E. ictaluri produced two different diseases (Noga, 
1996). Edwardsiella tarda causes septicemia in warm water fish, particularly 
in eels and catfish. It is widely disseminated in aquatic animals, pond water 
and mud, occurrences that provide ready opportunities to re-infect cultured 
fish. Infected fish processed for human consumption are a source of this 
organism, which can cause gastroenteritis in humans. 
Edwardsiella ictaluri causes a septicemia in catfish, and is a highly 
contagious disease with serious effects on the commercial culture of catfish 
in the southern USA (Noga, 1996). It is an important zoonotic disease of 
humans in which it is a serious cause of intestinal disease. In humans, it has 
also been implicated in meningitis, liver abscess, wound infections; most 
commonly, however, this organism causes gastroenteritis. Catfish fillets in 
processing plants are often contaminated with this organism that may spread 
to humans by the oral route (Noga, 1996). 
1.2.4.2 Yersinia ruckeri: 
Yersinia ruckeri is Gram-negative, non spore-forming, straight rod-
shaped bacterium, widespread in fresh-water environments (Noga, 1996). 
Yersinia ruckeri is the cause of enteric red mouth (ERM) disease, a 
condition that has been known since the 1950s. ERM has been a problem 
mainly for cultured rainbow trout, but all salmonids and some other species 
of fish are affected. Losses may be relatively low in chronic infections or 
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can become much higher if water conditions are poor, or if fish are exposed 
to stresses such as handling. In its early stages in salmonids, ERM disease 
resembles aeromonad and vibrio infections, with darkening of the dorsum, 
lack of appetite and lethargy. Internally, there are tiny hemorrhages on the 
viscera, enlargement of the spleen, and necrosis of the inner surface of the 
intestine and a mucoid exudate. In the more chronic condition, the abdomen 
is distended, there may be unilateral or bilateral exophthalmia, and 
hemorrhage in the eyes. The latter causes darkening of the fish because of 
the induced blindness which leads to lack of control of melanin pigment 
(Noga, 1996). 
1.2.4.3 Flexibacter species: 
Bacterial gill disease (BGD) is caused by a variety of bacteria 
including Flexibacter columnaris, F. psychrophilus, Cytophaga 
psychrophila, and various species of Flavobacterium. Currently, a suggested 
name for this agent is Cytophaga columnaris, although it has also been 
called Flexibacter columnaris (Noga, 1996). Whereas F. columnaris infects 
fish only in fresh water environments, F. maritimus, an organism that seems 
to be less infectious than F. columnaris, infects fish in marine environments, 
where it produces salt-water columnaris disease. Both mortality and 
acuteness of disease increase with temperature (Noga, 1996). 
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1.2.4.4 Aeromonas species: 
Aeromonas species are Gram-negative, non spore-forming, rod-
shaped bacteria. Aeromonas hydrophila is a common inhabitant of healthy 
fish and the aquatic systems (Kaper et al., 1981); it is also an established 
opportunistic pathogen infecting fish under physiological or environmental 
stress (Groberg et al., 1978). According to Noga (1996), motile aeromonad 
infection (MAI) is likely the most common bacterial disease of fresh water 
fish, all of which are probably susceptible. Motile aeromonads can also 
inhabit brackish water, but they decrease in prevalence with increasing 
salinity. MAI may be per-acute, with few signs, or acute with hemorrhages 
associate with ulcerative lesions of the skin. In the chronic condition, there 
may be large, long-standing ulcers, and often associated with ascites (Fijan 
et al., 1971). Pathogenic Aeromonas sobria has been identified as causative 
agent of ulcerative fish disease in farmed European perch (Goldschmidt et 
al., 2008).  
Aeromonas hydrophila was isolated from the wounds infection of 11 
brackish-water fish in Bangladesh. A high incidence of Aeromonas wounds 
infection in fish indicated that handling of infected fish may enhance 
transmission of Aeromonas hydrophila to susceptible individuals (Rahim et 
al., 1985). Aeromonas hydrophila was isolated from skin lesions of three 
fish species collected from several locations in West Bengal (Pal and 
Pradhan, 1990). Kasing et al. (1999) isolated Aeromonas hydrophila from 
intestine of four freshwater fish species belonging to the family cyprinidae 
reared in experimental ponds.  
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In human Aeromonas hydrophila cause localized infection on the skin and 
soft tissues, usually arising from a septicemic status, are far less frequent 
meningitis, corneal ulcerations, endophtalmitis, osteomyelitis, septic 
arthritis, endocarditis, peritonitis, biliar obstruction and colecistitis, intra-
abdominal abscesses, urinary infections, and otitis media (Khardori and 
Fainstein, 1988).  
1.2.4.5 Pseudomonas species: 
Pseudomonas species are Gram-negative, rod-shaped, non spore-
forming bacteria, distributed widely in nature and found in soil and in water. 
Pseudomonas spp is commonly associated with fish eggs, skin, gills, and 
intestines. In Sudan Hnadi (2008) reported the presence of Pseudomonas spp 
in gills and intestines of Oreochromis niloticus fishes. Mohammed (1999) 
isolated Pseudomonas aerugenosa from apparently healthy Oreochromis 
niloticus fish and diseased fish. Tripathy et al. (2007) isolated 10 
Pseudomonas aeruginosa 6 from intestine of freshwater fish and 4 from 
pond sediment. Pseudomonas fluorescens is known to be part of the normal 
flora in the intestines of tilapia. Ps. anguilliseptica was originally described 
as the bacterial causative agent of “Sekiten-byo” of red spot disease of pond-
cultured Japanese eel (Wakabayashi and Egusa, 1972). 
Lönnström et al. (1994); Berthe et al. (1995) and Doménech et al. 
(1997) isolated Ps. anguilliseptica from eye, kidney, spleen, liver and ascitic 
fluid of Baltic herring.  P. aeruginosa and P. putida were reported from 
different parts of a number of fish species (Ryser et al., 1984). Pseudomonas 
spp was isolated from intestine, skin and gills of number of fish species 
(Chen and Kou, 1987). However, secondary occurrence of pseudomonads 
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was found to be rather occasional in several culture and wild fish species of 
Southeast Asia (Boonyaratpalin, 1989). Later on, even colonies of P. 
aeruginosa were detected on the surface and muscle lesions of several UDS 
afflicted fish species including the channids (Kar et al., 1990).  
In man P. aeruginosa causes between 10 – 20% of infection in most 
hospitals. Pseudomonas infection is especially prevalent among patient with 
burn wounds, cystic fibrosis and acute leukemia. The most serious infections 
caused by Pseudomonas include malignant external otitis, endopthalmitis, 
endocarditis, meningitis, pneumonia and septiceamia (Gerald et al., 1983).  
1.2.4.6 Citrobacter freundii: 
A species of Gram-negative, facultatively anaerobic, rod-shaped 
bacteria found in humans and other animals including mammals; birds; 
reptiles; and amphibians. The first publication describing pathology and 
isolation of the Citrobacter freundii from aquarium fish was the 
communication of Sato et al. (1982).  
Citrobacter freundii was subsequently isolated from diseased Atlantic 
salmonids in Spain and the USA (Baya et al., 1990); and from carp in India 
(Karunasager and Pari 1992). Khan et al. (1987) isolated Citrobacter species 
from alimentary canal of Clarias batrachus and Heteropneustes fossilis 
fishes. Kasing et al. (1999) isolated Citrobacter freundii from intestine of 
four freshwater fish species belonging to the family cyprinidae reared in 
experimental ponds. C. freundii causes abnormal inflammatory changes in 
the intestine of trout and inflammatory and necrotic changes in the internal 
organs of cyprinids. The illness was discovered by means of artificial 
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infection with a pure culture of C. freundii. This discovery established C. 
freundii as a cause of fish disease (Drelichman and Band, 1985). 
C. freundii represents approximately 29% of all opportunistic 
infections (Whalen et al., 2007), it does not generally cause disease in 
healthy human hosts. Therefore, in patients with a suppressed immune 
system, Citrobacter species are known to cause a wide variety of 
nosocomial infections of the respiratory tract, urinary tract, blood and 
neonatal meningitis (Whalen et al., 2007). 
1.2.4.7 Enterobacter species: 
It is a Gram-negative rod that belongs to the Enterobacteriaceae 
family. Enterobacter species were reported from the liver of Labeo rohita 
(Naqvi et al., 1990). Enterobater spp was reported from intestine of 
fingerlings and adult rainbow trout (Nieto et al., 1984).  Khan et al. (1987) 
isolated Enterobacter species from alimentary canal of Clarias batrachus 
and Heteropneustes fossilis fishes. Kasing et al. (1999) isolated 
Enterobacter aerogenes from intestine of four freshwater fish species 
belonging to the family Cyprinidae reared in experimental ponds.  
An enteric bacterium from the kidneys of moribund fish was isolated 
and identified as Enterobacter cloacae. Fish were experimentally infected 
by this isolate and the organism was re-isolated from the kidneys of the 
moribund fish. This study revealed that human enteric bacteria which are 
considered as nonpathogenic to fish may become pathogenic (Thillai et al., 
2008). 
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Enterobacter species are emerging as important human pathogens, 
particularly among hospitalized patients (Gallagher, 1990). E. cloacae and 
E. aerogenes are the most frequently isolated species associated with human 
diseases (Sanders et al., 1997). 
1.2.4.8 Escherichia species: 
Escherichia species are Gram-negative, rod-shaped, non spore-
forming bacteria belongs to the Enterobacteriaceae family, widely 
distributed in nature, and constitute a part of digestive flora of mammals, 
and birds. Aydin et al. (1997) reported mass mortality with gross clinical 
and histopathological abnormalities in a number of organs of rainbow trout 
after inoculation of Escherichia vulneris. In Sudan Hnadi (2008) reported 
the presence of Escherichia coli in gills and intestines of Oreochromis 
niloticus and Clarias spp fishes. Naqvi et al. (1990) reported the presence of 
Escherichia from the liver of Labeo rohita. Kasing et al. (1999) isolated 
Escherichia coli from intestine of four freshwater fish species belonging to 
the family cyprinidae reared in experimental ponds. Khan et al. (1987) 
isolated E. coli from alimentary canal of Clarias batrachus and 
Heteropneustes fossilis fishes.  
Trust and Sparrow (1974) reported E. coli from stomach of salmonid. 
Del Rio-Rodriguez et al. (1997) reported the use of E. coli laden feed to 
infect rainbow trout intestines, and Al-Harbi (2003) detected E. coli in  
intestines of tilapia raised in farm and correlated them with pigeon 
droppings. Geldreich and Clarke (1966) showed that fecal coliforms could 
be found in fish intestines. They speculated that fecal coliforms are not part 
of the permanent microflora in fish, but their presence is caused by polluted 
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water and is influenced by feeding habits. Guzman et al. (2004) found two 
fish species that harbored E. coli from a river contaminated by sewage 
effluent. Their work also supported the view that fish obtain E. coli from the 
environment.  
Most E. coli strains are harmless, but some, such as serotype O157:H7 can 
cause serious food poisoning in humans (Vogt and Dippold, 2005)  
1.2.4.9 Staphylococcus species: 
Staphylococcus species are Gram-positive, non spore-forming cocci. Most 
are harmless and reside normally on the skin and mucous membranes of 
humans and other organisms. In Sudan Hnadi (2008) reported the presence 
of Staphylococcus spp in gills and intestines of Synodontis spp and Clarias 
spp fishes. In fresh water fish Staphylococcus aureus has been reported from 
silver carp in India causing corneal damage, sea bream and sea bass in 
Greece and cultured rainbow trout in Iran (Shah and Tyagi, 1986). S. aureus 
from peritonium and S. epidermidis from gills and peritonium of Labeo 
rohita were reported by Shagufta and Jafri (1988). Kasing et al. (1999) 
isolated Staphylococcus spp from intestine of four freshwater fish species 
belonging to the family cyprinidae reared in experimental ponds.  
Staphylococcus aureus has long been recognized as one of the major 
human pathogens responsible for a wide range of afflictions from minor 
infections of the skin to wound infections, bacteraemia, infections of the 
central nervous system, respiratory and urinary tracts, and infections 
associated with intravascular devices and foreign bodies. Most S. aureus 
strains are opportunistic pathogens that can colonize individuals, without 
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symptoms, for either short or extended periods of time, causing disease 
when the immune system becomes compromised (Oliveira et al., 2001).  
1.2.4.9 Streptococcus species: 
Streptococci are Gram-positive cocci, non spore-forming bacteria, 
usually arranged in pairs or chains. Streptococcal septicemia has occurred 
sporadically and as epizootics among cultured fresh-water and salt-water 
fish in many parts of the world. Streptococcus iniae mainly cause disease in 
tilapia, hybrid striped bass and rainbow trout (Stoffregen et al., 1996). The 
known cyprinid species that are affected include golden shiner and blue 
minnow (experimental). However, S. iniae is a serious problem in some 
operations rearing tilapia. Signs of this illness vary among different species 
of affected fish.  
1.2.4.10 Enterococcus species: 
Enterococcus species are Gram-positive, non spore-forming cocci. 
Enterococcus species can be isolated from the water, plants and from the 
excretion of animals and humans as commensal microorganisms. They are 
responsible for considerable economic losses in cultured yellowtail fish 
(Kusuda and Salati, 1993), turbot (Toranzo et al., 1995) and tilapia. 
Enterococcus faecium and E. faecalis were the predominate species isolated 
from fish in the integrated farms, whereas E. casseliflavus and E. mundtii 
isolates were most prevalent in traditional fish farms (Petersen and 
Dalsgaard, 2003). Clinical signs and pathological manifestations are similar 
to streptococcosis and consist of exophthalmia, muscular haemorrhages, 
acute bronchitis, suppurative inflammation in the eyes and necrosis of the 
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spleen and kidney. In man infections caused by the genus Enterococcus 
(most notably Enterococcus faecalis, which accounts for ~80% of all 
infections) include urinary tract infections, bacteremia, intra-abdominal 
infections, endocarditis and post-operative complication of cataract surgery 
(Huycke et al., 1998 and Han et al., 1996).  
1.2.4.11 Micrococcus species: 
Micrococci are Gram-positive cocci usually arranged in tetrads or 
irregular clusters (Smith et al., 1999). Micrococcus luteus exists in the 
normal microbial flora of intestines of fresh water fish, and is considered a 
pathogenic bacterium of fish. M. luteus infection has been observed, and fish 
were experimentally infected in the United Kingdom (Austin and Stobie, 
1992). 
Micrococcus that is opportunistic pathogens, have been associated 
with necrotic ulcers which are thought to be the secondary infections leading 
to death in severely ulcerated fish (Lilley et al., 1991). Micrococcus species 
were reported from intestine of salmonid and arctic charr (Trust and 
Sparrow, 1974). Micrococcus varians was isolated from skin lesions of three 
fish species collected from several locations in West Bengal (Pal and 
Pradhan, 1990). Ananthalakshmy et al. (1990) isolated Micrococcus species 
from 4 fish species through study of quantitative and qualitative distribution 
of histamine-forming bacteria associated with fish. 
Micrococcus is generally thought to be a saprotrophic or commensal 
organism, though it can be an opportunistic pathogen, particularly in human 
hosts with compromised immune systems, such as HIV patients (Smith et 
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al., 1999).  Recently, this organism was recognized as an opportunistic 
pathogen and has been implicated in recurrent bacteremia, septic shock, 
septic arthritis, endocarditis, meningitis, intracranial suppuration, and 
cavitating pneumonia in immunosuppressed patients (Smith et al., 1999).   
1.2.4.12 Bacillus species: 
Bacillus species are Gram-positive, large rod-shaped, spore-forming 
bacteria, widely distributed in the environment mainly because of their 
highly resistant endo-spore. Ananthalakshmy et al. (1990) isolated Bacillus 
species from 4 fish species through study of quantitative and qualitative 
distribution of histamine-forming bacteria associated with fish. Kasing et al. 
(1999) isolated Bacillus spp from intestine of four freshwater fish species 
belonging to the family cyprinidae reared in experimental ponds. In Sudan 
Hnadi (2008) reported the presence of Bacillus mycoides in gills and 
intestines of Synodontis spp.  
Bacillus cereus is a causative agent of both gastrointestinal and 
nongastrointestinal infections. Enterotoxins, emetic toxin (cereulide), 
hemolysins, and phoshpolipase are known as potential virulence factors of 
B. cereus (Anja et al., 2000). 
1.2.4.13 Mycobacterium species: 
Mycobacterium species are Gram-positive, long rod-shaped, non 
spore-forming and acid-fast bacteria. Most of these agents are free-living in 
soil and water, and some species cause disease in animals and humans. 
Mycobacterium infections of fish are really tuberculosis of a number of 
species. The disease affects a wide range of fresh water and marine species 
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of fish, and particularly aquarium fish (Noga, 1996). However, it seems 
likely that any species of fish may be infected. Mycobacteriosis is a chronic 
systemic disease, with lesions (granulomas) developing externally and 
throughout internal organs. The species of Mycobacterium that is pathogenic 
for fish are M. marinarum in marine fishes and M. fortuitum in fresh water 
fishes and brackish water fishes (Post, 1987).  
1.2.4.14 Therapy and control of bacterial diseases of fish: 
 Aureomycin, oxytetracycline, chlortetracycline, chloramphenicol have 
been used to treat furunculosis, motile aeromonads disease cause by 
Aeromonas hydrophila, diseases cause by Pseudomonas and Gram negative 
bacterial diseases of fishes in the food at the rate of 55 mg/kg of fish per day 
for 10 days. Erythromycin has been used to treat diseases cause by 
Streptococcus spp and others Gram positive bacteria in the food at the rate of 
100 mg/kg of fish per day for 20 days (Post, 1987).    
 Each fish culture facilities must be studied to determine the best 
method of diseases control. Test and slaughter, quarantine and restriction of 
movement, drug therapy and sanitation and immunization and disease 
resistance have been and will continue to be the methods of controlling 
bacterial diseases among cultured fish (Post, 1987). 
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CHAPTER TWO 
MATERIALS AND METHODS 
2. 1. Sterilization: 
a. Flaming: 
It was used to sterilize glass slides, cover slips, needles and scalpels. 
b. Red heat: 
It was used to sterile wire loop, points and searing spatulas by holding 
them over Bunsen burner flame until they became red-hot. 
C. Hot air oven: 
It was used to sterilize glass wares such as test tubes, graduated 
pipettes, flasks and forceps, and cotton swabs. The holding period was one 
hour and oven temperature was 160 °C. 
d. Steaming at 100 °C 
Repeated steaming (Tyndallization) was used for sterilization of 
sugars and media that could not be autoclaved without detriment effect to 
their constituents. It was carried out as described by Barrow and Feltham 
(1993). 
e. Moist heat (autoclave): 
          Autoclaving at 121°C (15 Ib/inch2) for 15 minutes was used for 
sterilization of media and plastic wares. Autoclaving at 115°C (10 Ib/inch2) 
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for 10 minutes was used for sterilization of some media such as sugars 
containing media. 
2.2 Reagents and indicators: 
2.2.1 Reagents: 
2.2.1.1 Alpha-naphthol solution: 
           Alpha-naphthol is product of British Drug House (BDH); London. 
This reagent was prepared as 5% aqueous solution for Voges Proskauer (VP) 
test.  
2.2.1.2 Potassium hydroxide: 
It was used for Voges Proskauer test and was prepared as 40% 
aqueous solution. 
2.2.1.3 Hydrogen peroxide: 
This reagent was obtained from Agropharm Limited, Buckingham. It 
was prepared as 3% aqueous solution, and it was used for catalase test. 
2.2.1.4 Methyl red: 
It was prepared by dissolving 0.04 g methyl red in 40 ml ethanol. The 
volume was made to 100 ml with distilled water. It was used for methyl red 
test (MR). 
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2.2.1.5 Tetra methyl-p-phenyl diamine dihydrochloride: 
This was obtained from Hopkin and William; London .It was prepared 
in a concentration of 3% aqueous solution and was used for oxidase test. 
2.2.1.6 Nitrate test reagent: 
Nitrate test reagent consisted of two solution which were prepared 
according to Barrow and Feltham (l993).Solution A was composed of 0.33% 
sulphanilic acid dissolved by gentle heating in 5N-acetic acid. Solution B 
was composed of 0.6% dimethylamine-alfa-naphthylamine dissolved by 
gentle heating in 5N-acetic acid. It was used for nitrate reduction test.  
2.2.1.7 Kovac’s reagent: 
This reagent was composed of 5 g para-dimethylaminobenzaldehyde, 
75 ml amyl alcohol and 25 ml concentrated hydrochloric acid. It was 
prepared as described by Barrow and Feltham (1993) by dissolving the 
aldehyde in the alcohol by heating in water bath, it was then cooled and the 
acid was added carefully. The reagent was stored at 4 °C for later use in 
indole test. 
2.2.2 Indicators: 
2.2.2.1 Andrade’s indicator: 
It composed of 5 g acid fuchin, 1litre distilled water and 150 m1 N - 
NaOH. The acid fuchin was dissolved in distilled water, then the alkali 
solution was added, and mixed. The solution was allowed to stand at room 
temperature for 24 h with frequent shaking until the color changed from red 
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to brown. 
2.2.2.2 Bromothymol blue: 
Bromothymol blue was obtained from BDH. The solution was 
prepared by dissolving 0.2 g of bromthymol blue powder in 100 ml distilled 
water. 
2.2.2.3 Phenol red: 
Phenol red was obtained from Hopkins and William ltd, London. It 
was prepared as 0.2% aqueous solution. 
2.2.2.4 Lead acetate paper: 
Filter paper strips, 4-5 mm wide and 50-60 mm long were impregnated in 
lead acetate saturated solution and then dried. It was used for hydrogen 
sulphide test. 
2.2.2.5 Bromocresol purple (BDH): 
Bromocresol purple was product of BDH. It was prepared by 
dissolving 0.2 g of the powder in 100 ml distilled water. 
2. 3 Collection of blood for enriched media: 
Blood for enriched media was collected aseptically into a sterile flask 
containing glass beads by veinopuncture of jugular vein of healthy sheep 
kept for this purpose. The blood was defibrinated by shaking the flask after 
collection. The defibrinated sheep blood was used for preparing blood agar 
medium. 
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2.4 Preparations of media: 
2.4.1 Nutrient broth (Oxoid CM 1): 
The medium was prepared by adding 13 g of nutrient broth powder to 
one liter of distilled water and well mixed. The pH was adjusted to 7.4. The 
mixture was distributed in 5 m1 volumes into clean bottles, and then 
sterilized by autoclaving at 121 °C (15 Ib/inch2) for 15 minutes. 
2.4.2 Peptone water (Oxoid CM 9):  
This medium was prepared by dissolving 10 g of peptone water and 5 
g sodium chloride in 1litre of distilled water. The mixture was distributed in 
5 ml volumes into clean bottles, and sterilized by autoclaving at 121°C (15 
lb/inch2) for 15 minutes.  
2.4.3 Peptone water sugars (Carbohydrate fermentation medium): 
Peptone water sugar medium was prepared according to Barrow and 
Feltham (1993) .It contained 900 ml peptone water, 10 ml Andrade’s 
indicator, 15 g sugar and 90 ml distilled water. The pH of peptone water was 
adjusted to 7.1-7.3 before the addition of Andrade’s indicator. The complete 
medium was well mixed, then distributed in portions of 2 ml into clean test 
tubes containing inverted Durham’s tube. The medium was sterilized by 
autoclaving at 115°C (10 Ib/inch2) for 20 minutes.  
2.4.4 Nitrate broth:  
The medium was prepared by dissolving 13 g nutrient broth powder 
and 1 g potassium nitrate in 1 litre distilled water and the pH was adjusted to 
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7.4. The medium was then distributed in 5 ml volumes into clean bottles, 
and sterilized by autoclaving at 115°C (10 1b/inch2) for 15 minutes. 
2.4.5 Glucose-phosphate medium (MR-VP test medium): 
This medium was prepared according to Barrow and Feltham (1993) 
by adding 5 g of peptone and 5 g phosphate buffer to 1 litre distilled water, 
dissolved by steaming and filtered. The pH was adjusted to 7.5; 5 g of 
glucose were added, and well mixed. The complete medium was distributed 
into clean test tube in 10 ml amount. The medium was sterilized by 
autoclaving at 115°C (l0 lb/inch2) for 15 minutes. 
2.4.6 Cooked meat medium (Robertsons medium) 
This was prepared according to Barrow and Feltham (1993). One 
thousand grams of minced meat was added to 1 litre of 0.05 N- NaOH and 
then heated until boiling. The mixture was strained through muslin gauze. 
The excess fluid was squeezed out and the meat dried at 50°C. The meat 
particles were placed in bottles and nutrient broth was added, and then 
sterilized by autoclaving at 121 °C (15 lb/ inch2) for 15 minutes. 
2.4.7 Motility medium-Cragie tube medium:  
          Thirteen grams of dehydrated nutrient broth (Oxoid CM 1) were 
added to 5g of Oxoid agar No.1 and dissolved in 1 litre of distilled water. 
The pH was adjusted to 7.4. The prepared medium was distributed in 5 ml 
volumes into clean test tubes which containing appropriate Cragie tubes, and 
then sterilized by autoclaving at 121°C (15 Ib/inch2) for 15 minutes. 
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2.4.8 Hugh and Liefsons (O/F) medium:  
This medium was prepared as described by Barrow and Feltham 
(1993). Two grams of peptone powder, 10 g of glucose, 5 g of sodium 
chloride, 0.3 g of potassium hypophosphate and 3g of agar were added to 1 
litre of distilled water. The pH was adjusted to 7.1. Fifteen ml of 
Bromothymol blue indicator were added. The complete medium was 
distributed into clean test tube in 5 ml amount. The medium was sterilized 
by autoclaving at 115 °C for 10 minutes. 
2.4.9 Simmon citrate medium (Oxoid CM 155):  
Simmon citrate medium contained magnesium sulphate, ammonium 
dihydrogen phosphate, sodium ammonium phosphate, sodium citrate, 
sodium chloride, bromothymol blue as indicator, and agar NO.3 (Oxoid L 
13). The medium was obtained from Oxoid (Ltd). It was prepared according 
to manufacturer instructions by dissolving 17g of powder in 1 litre of 
distilled water. The prepared medium was distributed in 10 ml volumes into 
clean bottles, sterilized by autoclaving at 121 °C (15 Ib/inch2) for 15 
minutes, then left to solidify in inclined position. 
2.4.10 Urea agar medium (Oxoid CM 53): 
 This medium was obtained from Oxoid (Ltd). It contained peptone, 
dextrose, sodium chloride, disodium phosphate, potassium dihydrogen 
phosphate, agar and phenol red. It was prepared by dissolving 2.4 g in 95 m1 
distilled water and dissolved by boiling. The prepared medium was sterilized 
by autoclaving at 121 °C for 15 minutes, cooled to 50 °C, and then 5m1 of 
filter sterilized 40% urea solution (Oxoid SR 20) were added under aseptic 
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condition. The medium was distributed in 10 m1 volume into sterile bottles 
and left to solidify in inclined position. 
 2.4.11 Nutrient agar (Oxoid CM 3):  
This was prepared as described by manfacturer by adding 28 g of 
nutrient agar to 1 litre of distilled water and dissolved by boiling. The pH 
was adjusted to 7.4, then sterilized by autoclaving at 121°C (15 1b/inch2) for 
15 minutes. The prepared medium was distributed in 20 ml volume into 
sterile Petri dishes. The poured plates were allowed to solidify on flat 
surface. 
2.4.12 Blood agar (Oxoid CM 55):  
This was prepared according to Barrow and Feltham (1993) by 
suspending 40 g of blood agar base No 2 (Oxoid) in 900 ml of distilled water 
and dissolved by boiling. The mixture was sterilized by autoclaving at 
121°C (15 1b/inch2) for 15 minutes, and cooled down to about 50 Cْ, then 
defibrinated sheep blood was added aseptically to make a final concentration 
of 10%.The prepared medium was mixed gently and distributed in 20 ml 
volumes into sterile Petri dishes. The poured plates were allowed to solidify 
on leveled surface.  
2.4.13 MacConkey agar medium (Oxoid CM 7):  
Fifty two grams of MacConkey agar were dissolved in 1 litre distilled 
water. The pH was adjusted to 7.4. The medium was sterilized by 
autoclaving at 121°C (15 Ib/inch2) for 15 minutes, and then distributed in 20 
ml volumes into sterile Petri dishes. The poured Petri dishes were allowed to 
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solidify on flat surface. 
2.4.14 Diagnostic sensitivity test agar (Oxoid CM 261):  
This medium was composed of peptone, veal infusion solid, dextrose, 
sodium chloride, di-sodium phosphate, sodium acetate, adenine sulphate, 
guanine hydrochloride, uracil, xanthine and ion agar. Forty grams of 
medium were dissolved by boiling in 1 litre of distilled water. The pH was 
adjusted to 7.4, and sterilized by autoclaving at 121°C (15 Ib/inch2) for 15 
minutes. The sterilized medium was distributed in 20 ml volumes into sterile 
Petri dishes. The poured plates were allowed to solidify on a leveled surface. 
2.5 Collection of samples: 
Sixty live apparently healthy Oreochromis niloticus fishes of different 
sizes 200 g -300 g and length 17 cm – 23 cm were collected from nursery 
earthen ponds (20 x 50 m2 with depth 1 m) in Alshagara fish farm, Alshagara 
Fisheries Research Station, 11 Km south of Khartoum on the eastern bank of 
White Nile River. Ponds water supply was directly from White Nile River. 
The samples were collected during the autumn season. Collected 
Oreochromis niloticus fish samples were transferred in ice box to laboratory 
of the Department of Microbiology Faculty of Veterinary Medicine, 
University of Khartoum for bacteriological examination of gills and upper 
part of intestines.  
Gills: 
One to 2 cm2 pieces of gills from apparently healthy Oreochromis 
niloticus fishes were cut with sterile scissor and taken by sterile forceps for 
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inoculation onto appropriate culture medium.  
Intestines:  
One to 2 cm proximal segments of intestines from apparently healthy 
Oreochromis niloticus fishes were cut with sterile scissor and taken by 
sterile forceps for inoculation onto appropriate culture medium.  
2.6 Primary culturing:  
One to 2 cm2 pieces of gills and 1– 2 cm proximal segments of 
intestine samples were inoculated onto blood agar and MacConkey agar 
medium and incubated overnight at 37° C. The colonies characteristics were 
observed. Smears were made from each type of colony, stained by Gram 
method and examined under light microscope for cell morphology, cell 
arrangement and staining reaction.  
2.7 Purification and preservation of culture: 
Purification of culture was done by sub-culturing part of typical well 
separated colony on the corresponding medium. The process was repeated 
several times. The purity of the culture was checked by examining stained 
smears. Pure culture was then inoculated into cooked meat medium and 
incubated over night at 37° C. The pure culture was then stored at 4° C. The 
pure culture was used for studying cultural and biochemical characteristics, 
and sensitivity of isolates to different antibiotics.                                                                     
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2.8 Microscopic examination: 
Smears were made from each type of colony on primary culture and 
from purified colonies. Then fixed by heating and stained by Gram staining 
method as described by Barrow and Feltham (1993). The stained smears 
were examined microscopically under oil immersion lens for cell 
morphology, cell arrangement and staining reaction. 
2.9 Identification of isolates: 
The purified isolates were identified according to criteria described by 
Barrow and Feltham (1993). This included staining reaction, cell 
morphology, cultural characteristics, and biochemical characteristics. 
2.10 Biochemical methods for identification of isolated bacteria: 
All biochemical tests were performed as described by Barrow and 
Fellham (1993). They included the following tests: 
2.10.1 Catalase test: 
A drop of 3% H2O2 was placed on clean slide and colony of test 
culture on nutrient agar was picked by glass rod and added to the drop of 
H2O2. Positive reaction was indicated by evolution of gas (air bubbles). 
2.10.2 Oxidase test: 
Strip of filter paper was soaked in 1% solution of tetramethyl-p-
phenylene diamine dihydrocholoride and dried in hot air oven and then 
placed on clean glass slide by sterile forceps. A fresh test culture on nutrient 
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agar was picked by sterile glass rod and rubbed on the filter paper strip. If a 
purple color developed within 5-10 second, the reaction was considered 
positive. 
2.10.3 Oxidation fermentation (0/F) test: 
Duplicate tubes of Hugh and Liefsons medium were inoculated with 
test culture by stabbing with straight wire. One of the tubes was sealed by 
layer of sterile soft paraffin oil to protect it from air; both inoculated tubes 
were incubated at 37 °C and examined daily for a period of fourteen days. 
Yellow color in open tube indicated oxidative reaction, yellow color in both 
tubes indicated fermentation reaction. Green color in the open tube and 
yellow in the sealed tube indicated production of alkali. 
2.10.4 Sugar fermentation test: 
Carbohydrate medium was inoculated with test culture then incubated 
at 37°C and examined daily for 7 days. The acid production was indicated 
by change in color and gas production was indicated by the presence of 
empty space in Durham’s tubes. 
2.10.5 Indole production test: 
The test culture was inoculated into peptone water and incubated at 37 
°C for 48 h. One ml of Kovacs reagent was added to the tube. The 
appearance of a pink color in the reagent layer within a minute indicated 
positive reaction. 
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2.10.6 Methyl red test: 
The test culture was inoculated into glucose phosphate medium and 
then incubated at 37°C for 48 h. Two drops of methyl red indicator were 
added and shaken well. A red color indicated positive reaction. Yellow or 
orange colors indicated negative reaction. 
2.10.7 Voges- Proskauer test: 
The test culture was inoculated into glucose phosphate medium and 
incubated at 37°C for 48 h. One ml of cultured medium was transferred 
aseptically into sterile test tubes, and then O.6 m1 of 5% alpha-naphthol 
solution was added, followed by O.2 m1 of 40% KOH aqueous solution. The 
test tube was shaken well and kept at slant position for 1 h. A positive 
reaction was indicated by strong red color. 
2.10.8 Urease test: 
The test cu1ture was inoculated onto slope of urea agar medium, 
incubated at 37° C for 24-48 h, and examined daily for five days. The 
positive reaction was indicated by a pink color. Negative and weak tests 
were left for a week before reading. 
 
2.10.9 Citrate utilization test: 
The test culture was inoculated onto Simmon's citrate medium, then 
incubated at 37° C, and examined daily for 7 days. Blue color indicated a 
positive reaction. 
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2.10.10 Hydrogen sulphide production: 
A tube of peptone water was inoculated by test organism and lead 
acetate paper was inserted between the cotton plug and the tube, then 
incubated at 37°C and examined daily for a week. Blackening of the paper 
indicated H2S production. 
2.11 Motility test:  
The test culture was inoculated by stabbing with straight wire into the 
Cragie tube in motility medium and then incubated at 37°C for 24 h. The 
organism was considered motile if there was turbidity in the medium in and 
outside the Cragie tube while the growth of nonmotile organism confined 
inside Cragie tube. 
2.12 Antibiotic sensitivity test: 
The sensitivity of isolates to antibiotics was determined by disc 
diffusion technique. The isolates were cultured into peptone water and 
incubated at 37°C for two hours. A Petri dish containing diagnostic 
sensitivity test (DST) agar medium, was put in the incubators for 30 minutes 
to dry and then inoculated with 2 ml volume of the test culture .The 
inoculated culture was evenly distributed by rotation, the excess inoculum 
was withdrawn by sterile Pasteur pipette and the plate was left to dry at 
room temperature for 15 minutes. Commercially prepared antibiotics discs 
of Axiom laboratories (MD002 India) were placed on the surface of the 
inoculated medium with a sterile forceps and pressed gently to ensure good 
contact with the surface of the medium. The plates were then incubated at 
37°C for 24-48 h. The sensitivity of the isolates to the following 
 53
antibacterial drugs was examined: Ampicillin/Sulbactam (20 mcg), Co-
Trimoxazole (25 mcg), Cefotaxime (30 mcg), Chloramphenicol (30 mcg), 
Ciprofloxacin (5 mcg), Ceftizoxime (30 mcg), Tetracycline (30 mcg), 
Ofloxacin (5 mcg),   Gentamycin (10 mcg) and Pefloxacin (5 mcg). The 
organism was considered sensitive if there was zone of complete inhibition 
of growth 10 to 25 mm around the disc.  
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Chapter Three 
RESULTS 
 
3.1 Isolation and identification: 
 A total of 120 samples, 60 gill and 60 intestine samples of apparently 
healthy Oreochromis niloticus fishes were collected from nursery earthen 
ponds in Alshagara fish farm, Alshagara Fisheries Research Station.  
 All the collected samples showed bacterial growth on blood agar and 
MacConkey agar medium. The 120 samples gave 167 isolates, 137 (82.04%) 
of them were Gram negative bacteria. The other 30 (17.96%) isolates were 
Gram positive bacteria. 
 The 167 isolates were 41 (24.55%) Aeromonas species, 9 (5.39%) 
Pseudomonas aeruginosa, 21 (12.57%) Citrobacter freundii, 50 (29.94%) 
Enterobacter species, 16 (9.58%) Escherichia coli, 2 (1.20%) Micrococcus 
varians, 1 (0.60%) Enterococcus casseliflavus, 9 (5.39%) Staphylococcus 
gallinarum, and 18 (10.78%)  Bacillus macerans.  
3.1.1 Bacteria isolated from gills: 
 The number of samples collected from gills was 60 samples. Out of 
these 60 samples, all samples showed positive growth, and they yielded 77 
isolates. The 77 bacterial isolates comprised both Gram-negative and Gram 
positive bacteria. Fifty eight isolates (75.32%) were found to be Gram 
negative bacteria while 19 isolates (24.68%) were Gram-positive bacteria. 
 The 58 isolates of Gram negative bacteria were 13 isolates of 
Aeromonas hydrophila (22.41%), 6 isolates of Aeromonas sobria (10.34%), 
3 isolates of Pseudomonas aerugenosa (5.17%), 9 isolates of Citrobacter 
freundii (15.52%), 15 isolates of Enterobacter cloacae (25.86%), 7 isolates 
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of Enterobacter aerogenes (12.07%), and 5 isolates of Escherichia coli 
(8.62%). The 19 isolates of Gram positive bacteria were 11 isolates of 
Bacillus macerans (57.89%), 2 isolates of Micrococcus varians (10.53%), 5 
isolates of Staphylococcus gallinarum (26.32%) and 1 isolate of Entercoccus 
casseliflavus (5.26%).  
3.1.2 Bacteria isolated from intestines: 
 The samples collected from intestine were 60. All samples showed 
positive growth and gave 90 isolates. Seventy nine of them (87.78%) were 
Gram negative bacteria, 17 isolates were Aeromonas hydrophila, 5 
Aeromonas sobria, 6 Pseudomonas aeruginosa, 12 Citrobacter freundii, 19 
Enterobacter cloacae, 9 Enterobacter aerogenes, and 11 Escherichia coli. 
The other 11 isolates (12.22%) were Gram positive, 7 isolates were Bacillus 
macerans and 4 were Staphylococcus gallinarum.  
3.2 Cultural, microscopic and biochemical reactions of the isolates: 
3.2.1 Bacillus macerans isolates: 
On blood and MacConkey's agar the colonies of Bacillus macerans 
looked rough, flat, grey and mucoid. Bacillus macerans was Gram-positive 
large rods with terminal spores. Biochemical reactions are shown in Table 3. 
3.2.2 Escherichia coli isolates: 
The isolates of Escherichia coli appeared on MacConkey's agar as 
large rose colored colonies indicating lactose fermentation. Gram-negative, 
non-spore forming rods were seen under microscope. Biochemical reactions 
are shown in Table 4. 
 3.2.3 Pseudomonas aeruginosa isolates: 
On MacConkey's agar they produced pale colored colonies. They gave 
green pigment on nutrient agar medium. Gram-negative, non spore forming 
and non-capsulated rod cells were observed microscopically. Biochemical 
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reactions are shown in Table 4. 
 3.2.4 Micrococcus varians isolates: 
On blood agar, colonies of Micrococcus varians appeared round 
smooth and glistening. Gram-positive, non-spore forming cocci, occurring in 
pairs, fours, and small clusters were seen when Gram stained smear 
examined under the microscope. Biochemical reactions are shown in Table 
3. 
3.2.5 Enterococcus casseliflavus isolates:  
On blood agar, colonies were round smooth and glistening.                   
Gram-positive, non-spore forming cocci, occurring in pairs were seen 
microscopically. Biochemical reactions are shown in Table 3. 
3.2.6 Staphylococcus gallinarum isolates: 
On blood agar, colonies appeared round, smooth and glistening with 
yellow pigmentation. Gram-positive, non-spore forming, cocci occurred in 
pairs or clusters were seen when Gram stained smear examined 
microscopically. Biochemical reactions are shown in Table 3. 
3.2.7 Aeromonas species isolates:  
On MacConkey's agar, colonies of Aeromonas species appeared 
round, complete, convex and non-lactose fermenting. Non-spore forming, 
Gram-negative short to oval rods were seen microscopically. Biochemical 
reactions are shown in Table 4. 
3.2.8 Enterobacter species isolates: 
On MacConkey's agar, lactose fermenting colonies with irregular 
edges and mucoid in nature were seen. Non-sporulated, Gram-negative short 
rods were seen. Biochemical reactions are shown in Table 4. 
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3.2.9 Citrobacter freundii isolates: 
On MacConkey's agar they gave pink-red colonies. Non-spore 
forming, non-capsulated, Gram-negative rods were observed. Biochemical 
reactions are shown in Table 4. 
3.3 Antibacterial sensitivity of isolated bacteria: 
Table 6 shows the number and percentage of sensitive isolates to 
antibacterial drugs. The isolates were highly sensitive to gentamycin 
(95.45%) followed by chloramphenicol (92.73%), ciprofloxacin (91.82%), 
cefotaxime (90.91%), co-trimoxazole (90%), ciftizoxime (88.18%), 
tetracycline (82.73%), pefloxacin (80%), ofloxacin (78.18%), while 
Ampicillin/Sulbactam showed the least inhibition to the growth (50%).  
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Table 1: Bacteria isolated from 60 gill samples of Oreochromis niloticus 
fish collected from nursery earthen ponds in Alshagara fish farm, 
Alshagara Fisheries Research Station 
 
 
Bacterial species 
Number of 
isolates 
Isolation 
frequency* 
Isolation 
Percentage** 
Aeromonas  hydrophila 13 21.67% 16.88% 
Aeromonas  sobria 6    10% 7.79% 
Pseudomonas  aerugenosa 3    5%   3.90% 
Citrobacter  freundii 9    15% 11.67% 
Enterobacter  cloacae 15    25% 19.48% 
Enterobacter  aerogenes 7 11.67% 9.09% 
Escherichia  coli 5    8.33% 6.49% 
Bacillus  macerans 11 18.33% 14.29% 
Micrococcus  varians  2 3.33% 2.60% 
Staphylococcus  gallinarum 5 8.33% 6.49% 
Enterococcus  casseliflavus 1 1.67% 1.30% 
Total 77 128.33% 100% 
 
       * The isolation frequency calculated from number of samples examined. 
       **The isolation percentage calculated from number of isolates. 
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Table 2: Bacteria isolated from 60 intestine samples of 
Oreochromis niloticus fish collected from nursery earthen ponds 
in Alshagara fish farm, Alshagara Fisheries Research Station 
 
  
 
Bacterial species 
Number of 
isolates 
Isolation 
frequency* 
Isolation 
percentage** 
Aeromonas  hydrophila 17 28.33% 18.89% 
Aeromonas  sobria 5 8.33% 5.56% 
Pseudomonas  aerugenosa 6 10% 6.67% 
Citrobacter  freundii 12 20% 13.33% 
Enterobacter  cloacae 19 31.67% 21.11% 
Enterobacter  aerogenes 9 15% 10% 
Escherichia  coli 11 18.33% 12.22% 
Bacillus  macerans 7 11.67% 7.78% 
Staphylococcus  gallinarum 4 6.67% 4.44% 
Total 90 150% 100% 
 
       * The isolation frequency calculated from number of samples examined. 
       ** The isolation percentage calculated from number of isolates. 
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Table 3: Characters and biochemical reactions of Gram positive    
bacteria isolated from gill and intestine samples of Oreochromis 
niloticus fish collected from nursery earthen ponds in Alshagara fish 
farm, Alshagara Fisheries Research Station 
Bacteria species  
Characters 
 
Bacillus 
macerans 
Enterococcus 
casseliflavus 
Staphylococcus 
gallinarum 
Micrococcus 
varians 
Motility + + - - 
Catalase + - + + 
Oxidase + - - + 
Coagulase N D N D - - 
VP - + - - 
MR + - + + 
Nitrate reduction + + + + 
O/F F F F O 
Glucose fermentation + + + + 
Acid from:     
Arabinose + + + + 
Mannitol + + + + 
Lactose - + + + 
Salicin + + + + 
Sorbitol + - + + 
Sucrose + + + + 
Xylose + + + - 
 
(-): Negative,   (+): Positive, (F): Fermentative, (O): Oxidative, (N D): Not Done 
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Table 4: Characters and biochemical reactions of Gram negative 
bacteria isolated from gill and intestine samples of Oreochromis 
niloticus fish collected from nursery earthen ponds in Alshagara fish 
farm, Alshagara Fisheries Research Station 
 
 
 
 
Bacteria species   
 
Characters 
Aeromonas 
hydrophila 
Aeromonas 
sobria 
Pseudomonas 
aeerugenosa 
Motolity + +  +  
Catalase + +  +  
Oxidase + +  +  
Urease -  - + 
Citrate utilization +  +  +  
Nitrate reduction +  +  +  
Indole production -  -  -  
H2S production   +  + -  
VP + + -  
MR -  -  +  
O/F F F O 
Glucose fermentation + + + 
Acid from:    
Arabinose + - - 
Mannitol + +  +  
Lactose -  -  -  
Salicin +  - -  
Sorbitol + +  -  
Sucrose + +  -  
Xylose + +  +  
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Table 4 continued: 
  Bacteria species 
Citrobacter 
freundii 
Enterobacter 
cloacae 
 
Enterobacter 
aerogenes 
Escherichia
coli 
Motolity + +  +  +  
Catalase + +  +  +  
Oxidase -  -  -  -  
Urease +  +  -  -  
Citrate utilization +  +  -  -  
Nitrate reduction - +  +  + 
Indole production -  +  +  +  
H2S production   +  +  +  -  
VP -  + -  - 
MR +  -  +  +  
O/F F F F F 
Glucose fermentation + + + + 
Acid from:     
Arabinose + +  +  +  
Mannitol + +  +  +  
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    (-): Negative,   (+): Positive, (F): Fermentative, (O): Oxidative. 
 
 
 
 
Lactose + +  +  +  
Salicin -  +  +  +  
Sorbitol + +  +  +  
Sucrose -  +  +  -  
Xylose + +  +  +  
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Table 5: Sensitivity of bacterial species isolated from gill and intestine samples of Oreochromis niloticus fish 
collected from nursery earthen ponds in Alshagara fish farm, Alshagara Fisheries Research Station 
 
No. of isolates inhibited by antibacterial drugs. 
Bacterial 
species 
No. of  
examined 
isolates   BA CF OF CH CP CI TE AS GM PF 
Aeromonas 
hydrophila 
15 7(++++) 
6(+++) 
2(++) 
9(++++) 
3(+++) 
3(++) 
8(+++) 
7(++) 
 
6(++++) 
7(+++) 
2(++) 
8(++++) 
6(+++) 
1(++) 
7(++++) 
5(++) 
3(+) 
10(+++) 
3(++) 
2(+) 
2(+++) 
7(++) 
6(-) 
9(++++) 
5(+++) 
1(++) 
5(++++) 
8(+++) 
2(++) 
Aeromonas 
sobria 
11 6(++++) 
3(++) 
2(+) 
4(+++) 
2(++) 
5(+) 
2(+++) 
6(++) 
3(+) 
7(++++) 
2(+++) 
2(+) 
5(+++) 
1(++) 
5(+) 
3(+++) 
5(++) 
3(+) 
8(+++) 
3(++) 
3(+++) 
4(+) 
4(-) 
9(+++) 
2(++) 
 
1(++++) 
8(++) 
2(+) 
Pseudomonas 
aerugenosa 
9 5(++++) 
3(+++) 
1(-) 
4(+++) 
3(++) 
2(-) 
3(++) 
6(-) 
3(++++) 
4(+++) 
2(-) 
3(++) 
6(-) 
4(++) 
5(-) 
4(++) 
5(-) 
9(-) 5(++++) 
2(+++) 
2(-) 
2(++) 
7(-) 
Citrobacter 
freundii 
12 6(++++) 
3(++) 
3(+) 
4(++++) 
5(+++) 
3(+) 
7(++++) 
4(++) 
1(-) 
3(++++) 
7(+++) 
2(+) 
5(++++) 
5(+++) 
2(++) 
8(+++) 
2(++) 
2(+) 
2(++++) 
6(+++) 
4(+) 
6(+++) 
1(+) 
5(-) 
9(++++) 
2(+++) 
1(++) 
5(+++) 
6(++) 
1(-) 
Escherichia 
coli 
13 7(++++) 
4(++) 
2(+) 
4(++++) 
5(+++) 
4(+) 
6(+++) 
4(++) 
3(-) 
8(++++) 
3(+++) 
2(+) 
5(+++) 
5(++) 
3(+) 
2(++++) 
6(+++) 
5(+) 
5(++++) 
8(+++) 
3(+) 
2(+++) 
4(++) 
7(-) 
 
8(++++) 
3(+++) 
2(+) 
9(+++) 
2(+) 
2(-) 
Enterobacter 
aerogenes 
10 3(++++) 
5(++) 
2(-) 
6(+++) 
1(++) 
3(+) 
4(++++) 
5(++) 
1(-) 
7(+++) 
2(++) 
1(+) 
5(++++) 
1(+++) 
4(+) 
2(++++) 
6(++) 
2(-) 
6(++) 
1(+) 
3(-) 
6(+) 
4(-) 
7(++++) 
2(+++) 
1(-) 
4(+++) 
3(++) 
3(-) 
Enterobacter 
cloacae 
17 9(+++) 
4(++) 
3(-) 
5(++) 
5(+) 
7(-) 
4(++) 
7(+) 
6(-) 
6(++++) 
7(+++) 
3(-) 
6(++++) 
8(+++) 
3(-) 
3(++++) 
9(++) 
5(-) 
7(+++) 
6(+) 
4(-) 
7(+) 
10(-) 
6(++++) 
9(+++) 
2(-) 
10(++) 
3(+) 
4(-) 
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Table 5 Continued:  
 
 
 
(AS) Ampicillin/Sulbactam (20 mcg), (BA) Co-Trimoxazole (25mcg), (CF) Cefotaxime (30 mcg), (CH) 
Chloramphenicol (30 mcg), (CP) Ciprofloxacin (5 mcg), (CI) Ceftizoxime (30 mcg), (TE) Tetracycline (30 mcg), 
(GM) Gentamicin (10 mcg), (OF) Ofloxacin (5 mcg), (PF) Pefloxacin (10 mcg)  
Inhibition zone :( ++++) = 25 mm, (+++) = 20 mm, (++) = 15 mm, (+) = 10 mm, (-) no inhibition. 
 
No. of isolates inhibited by antibacterial drugs. 
Bacterial 
species 
No. of  
examined 
isolates   BA CF OF CH CP CI TE AS GM PF 
Bacillus  
macerans 
11 5(+++) 
3(+) 
3(-) 
3(++++) 
4(++) 
4(+) 
6(++) 
3(+) 
2(-) 
6(++) 
4(+) 
1(-) 
7(+++) 
3(++) 
1(+) 
 
5(++++) 
2(++) 
3(+) 
1(-) 
4(+++) 
4(++) 
3(-) 
3(++) 
5(+) 
3(-) 
5(+++) 
2(++) 
4(+) 
4(++) 
5(+) 
2(-) 
Micrococcus  
varians  
2 1(++++) 
1(++) 
2(+++) 1(++) 
1(-) 
1(+++) 
1(++) 
2(++) 2(++++) 1(++) 
1(+) 
1(+) 
1(-) 
2(++++) 1(++) 
1(+) 
Staphylococcus  
gallinarum 
9 5(+++) 
2(+) 
2(-) 
3(++++) 
2(++) 
4(+) 
6(++) 
3(-) 
4(+++) 
4(+) 
1(-) 
5(+++) 
3(++) 
1(+) 
7(++++) 
1(++) 
1(+) 
3(++) 
3(+) 
3(-) 
4(++) 
5(-) 
6(++++) 
3(++) 
2(++) 
5(+) 
2(-) 
Enterococcus  
casseliflavus 
1 1(++) 1(-) 1(-) 1(-) 1(-) 1(+) 1(-) 1(-) 1(+++) 1(-) 
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Table 6: Number and percentage of sensitive and resistant bacteria 
isolated from gill and intestine samples of Oreochromis niloticus fish 
collected from nursery earthen ponds in Alshagara fish farm, Alshagara 
Fisheries Research Station. 
Antibacterial drug No. of 
bacterial 
isolates 
examined
No. of sensitive 
isolates(percentage)
No. of resistant 
isolates(percentage)
Ampicillin/Sulbactam 110 55 (50%) 55 (50%) 
Co-Trimoxazole 110 99 (90%) 11(10%) 
Cefotaxime 110 100 (90.91%) 10 (9.09%) 
Chloramphenicol 110 102 (92.73%) 8 (7.27%) 
Ciprofloxacin 110 101 (91.82%) 9 (10.91%) 
Ceftizoxime 110 97 (88.18%) 13 (11.82%) 
Tetracycline 110 91 (82.73%) 19 (17.27%) 
Gentamycin 110 105 (95.45%) 5 (4.55%) 
Ofloxacin 110 86 (78.18%) 24 (21.82%) 
Pefloxacin 110 88 (80%) 22 (20%) 
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CHAPTER FOUR 
         DISCUSSION 
 
This work was carried out to isolate and identify aerobic bacteria of 
apparently healthy Oreochromis niloticus fishes collected from nursery 
earthen ponds in Alshagara fish farm, Alshagara Fisheries Research Station, 
11 Km south of Khartoum on the eastern bank of White Nile and to examine 
antibacterial susceptibility of the isolates. In Alshagara fish farm 
supplementary or prepared feeds from non-conventional sources were 
supplied to increase growth rate of cultured fish. Poultry dropping was also 
used as organic fertilizer to accelerate planktonic growth in the ponds which 
is considered primary food of fish. There are several billions of bacteria that 
are present in poultry dropping including both pathogenic and non-
pathogenic species, the normal flora and the opportunistic ones. The bacteria 
isolated from poultry dropping included Bacillus spp, Escherichia coli, 
Staphylococcus spp, Salmonella spp, Enterobacter cloacae, Klebsiella spp, 
Proteus spp, Pseudomonas spp and Aeromonas spp (Adegunloye, 2006). 
Hence poultry droppings used as organic fertilizer in fish ponds could be a 
source of many bacteria isolated from apparently healthy fishes in this study.   
One hundred and twenty samples were collected from apparently 
health Oreochromis niloticus fishes and cultured. In this work the bacterial 
isolates were obtained from both gills and intestines. All samples showed 
bacterial growth and gave 167 isolates. 
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Aeromonas hydrophila and Aeromonas sobria were isolated from intestines 
and gills of apparently healthy Oreochromis niloticus fish in the present 
investigation this result is in agreement with several studies which reported 
the isolation of Aeromonas species from intestines and gills of different 
freshwater fish species (Austin and Al-Zahrani, 1988; Nieto et al., 1984; 
Kaper et al., 1981; Kasing et al., 1999). Many authors (Groberg et al., 1978; 
Goldschmidt et al., 2008; Mohammed, 1999; Noga, 1996) stated that 
Aeromonas hydrophila and Aeromonas sobria is an important fresh water 
fish pathogenic bacteria, causing septicemic infections and associated with 
economic losses in fresh water fish culture worldwide.  
In man Aeromonas hydrophila has public health importance, it causes 
localized infection on the skin and soft tissues, usually arising from a 
septicemic status, and far less frequent meningitis, corneal ulcerations, 
endophtalmitis, osteomyelitis, septic arthritis, endocarditis, peritonitis, 
colecistitis, intra-abdominal abscesses, urinary tract infections, and otitis 
media (Khardori and Fainstein, 1988).  
In this study Pseudomonas aeruginosa was isolated from gills and 
intestines of apparently healthy Oreochromis niloticus fishes this finding is 
identical with previous investigation in Sudan which reported the presence 
of Pseudomonas spp in gills and intestines of Oreochromis niloticus fishes 
(Hnadi, 2008). This result is also in agreement with several authors’ studies 
(Ryser et al., 1984; Wakabayashi et al., 1996; Mohammed, 1999; Tripathy 
et al., 2007; Chen and Kou, 1987), they reported the presence of 
Pseudomonas aeruginosa from different parts of a number of freshwater fish 
species. Pseudomonas aeruginosa was detected on the surface and muscle 
lesions of several afflicted fish species (Kar et al., 1990; Mohammed, 1999).  
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In man P. aeruginosa causes between 10 – 20% of infection in most 
hospitals. Pseudomonas infection is especially prevalent among patient with 
burn wounds, cystic fibrosis and acute leukemia. The most serious infection 
cause by Pseudomonas includes malignant external otitis, endopthalmitis, 
endocarditis, meningitis, pneumonia and septiceamia (Gerald et al., 1983).  
Escherichia coli was isolated from gills and intestines of apparently 
healthy Oreochromis niloticus fishes in the present investigation this is in 
agreement with previous study in Sudan by Hnadi (2008) who reported the 
presence of Escherichia. coli in gills and intestines of Oreochromis niloticus 
fish. Escherichia coli was also reported from intestines and gills of different 
freshwater fish species (Austin and Al-Zahrani, 1988; Al-Harbi, 2003; 
Guzman et al., 2004; Khan, 1987; Kasing et al., 1999; Nieto et al., 1984; 
Mohammed, 1999). Most E. coli strains are important human pathogens, but 
some, such as serotype O157:H7 can cause serious food poisoning (Vogt 
and Dippold, 2005).  
In this study Citrobacter freundii was isolated from gills and 
intestines of Oreochromis niloticus fish this finding is identical with Austin 
and Al-Zahrani (1988); Khan et al. (1987) and Kasing et al. (1999) who  
reported the presence of Citrobacter species in intestines of different 
freshwater fish species. Sato et al. (1982); Drelichman and Band (1985); 
Baya et al. (1990) and Karunasager and Pari (1992) stated that Citrobacter 
freundii is a pathogenic bacterium of fish after isolation of this bacterium 
from diseased fish.  
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Citrobacter freundii represents approximately 29% of all opportunistic 
infections in human. Therefore, in patients with a suppressed immune 
system, Citrobacter species are known to cause a wide variety of 
nosocomial infections of the respiratory tract, urinary tract, blood and 
neonatal meningitis (Whalen et al., 2007). 
Enterobacter aerogenes and Enterobacter cloacae were isolated from 
gills and intestines of Oreochromis niloticus fishes in the present study this 
result is in agreement with several studies which reported the presence of   
Enterobacter species in intestines and gills of different fish species (Austin 
and Al-Zahrani, 1988; Kasing et al., 1999; Khan et al., 1987; Nieto et al., 
1984). Enterobacter cloacae has been reported as pathogenic bacteria of fish 
after it's isolation from the kidneys of moribund fish (Thillai et al., 2008). 
Enterobacter species are emerging as important human pathogens, 
particularly among hospitalized patients (Gallagher, 1990). E. cloacae and 
E. aerogenes are the most frequently isolated species associated with human 
diseases (Sanders et al., 1997). 
In the present investigation Staphylococcus gallinarum was isolated 
from gills and intestines of Oreochromis niloticus fishes also in Sudan 
Hnadi (2008) reported the presence of Staphylococcus spp in gills and 
intestines of two freshwater fish species. Many authors (Austin and Al-
Zahrani, 1988; Kasing et al., 1999; Nieto et al., 1984) reported the presence 
of Staphylococcus species in intestines and gills of different fish species. 
There is strong possibility that, the fish may obtain this bacterium from 
ponds water because chicken manure was used as fertilizers in ponds.   
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Enterococcus casseliflavus was isolated from gills of Oreochromis niloticus 
fishes also Petersen and Dalsgaard (2003) reported the isolation of E. 
casseliflavus from cultured fish. Enterococcus spp responsible for 
considerable economic losses in cultured yellowtail fish, turbot and tilapia 
(Kusuda and Salati, 1993; Toranzo et al., 1995). 
Micrococcus varians was isolated in this study from gills of 
Oreochromis niloticus fishes. In previous studies Micrococcus species were 
reported to be present in intestines and gills of different fish species (Austin 
and Al-Zahrani, 1988; Nieto et al., 1984; Trust and Sparrow, 1974). 
Micrococcus varians and others Micrococcus spp are opportunistic pathogen 
have been associated with necrotic ulcers which are thought to be the 
secondary infections leading to death in severely ulcerated fish (Lilley et al., 
1991; Pal and Pradhan, 1990).   
In this study Bacillus macerans was isolated from gills and intestines 
of Oreochromis niloticus fishes this finding is in agreement with Austin and 
Al-Zahrani (1988); Nieto et al. (1984) and Kasing et al. (1999) who also 
reported the presence of Bacillus species in intestines and gills of different 
fish species. In Sudan Hnadi (2008) reported the presence of Bacillus 
mycoides in gills and intestines of Synodontis spp.  
In this investigation, fish pathogenic bacteria, Aeromonas hydrophila, 
Aeromonas sobria, Pseudomonas aeruginosa, Citrobacter freundii, 
Enterobacter cloacae, Enterococcus casseliflavus and opportunistic 
pathogens Micrococcus varians were isolated from apparently healthy 
Oreochromis niloticus fishes reared in nursery earthen ponds. This indicates 
these bacterial pathogens might cause serious infection leading to 
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considerable economic losses in fishes when environmental condition 
altered in ponds and fish's resistance was reduced.  
Bacterial pathogens of public health importance, Aeromonas 
hydrophila, Pseudomonas aeruginosa, Escherichia coli, Enterobacter 
cloacae and opportunistic human pathogen Citrobacter freundii were 
isolated in this study from apparently healthy Oreochromis niloticus fishes, 
this indicates these fishes could be a source of infection and the possibility 
of transmission of these pathogens to workers in fish industry and 
consumers. Generally human contract fish-borne bacterial disease through 
ingestion of contaminated fish tissue in Escherichia coli infection or by 
contaminated water and injection of the organism into puncture wounds or 
abrasions in Aeromonas hydrophila infections, although the transmission of 
others bacterial species has not been documented, the potential for human 
infection does exist among individual who handle diseased fish (Stoskopf, 
1993).  
The antibacterial sensitivity of isolates in this study to antibiotics was 
variable. The isolates in this study were highly sensitive to gentamycin, 
chloramphenicol and ciprofloxacin, while they were highly resistance to 
ampicillin/ sulbactam. Pseudomonas aeruginosa revealed high resistance to 
6 antibiotics, ampicillin/ sulbactam, ofloxacin, pefloxacin, ciprofloxacin, 
ceftizoxime and tetracycline this finding is identical with Chen and Kou 
(1987), they also reported Pseudomonas aeruginosa isolated from fish 
revealed high resistance to ampicillin/ sulbactam, ofloxacin, pefloxacin, 
ciprofloxacin, ceftizoxime and tetracycline.  
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Aeromonas hydrophila isolates in the present investigation revealed high 
resistance to ampicillin/ sulbactam this in agreement with Son et al. (1997) 
who also reported Aeromonas hydrophila from freshwater fish farms showed 
resistance to ampicillin/sulbactam.  
In this study Enterococcus casseliflavus isolates revealed high 
resistance to ampicillin/sulbactam, chloramphenicol, ciprofloxacin, 
ofloxacin, pefloxacin and tetracycline this in agreement with Petersen and 
Dalsgaard (2003), they reported that all the Enterococcus species isolated 
from integrated fish farming uses the chicken manure as fertilizers in the fish 
ponds, generally demonstrated higher resistance to chloramphenicol, 
ciprofloxacin, erythromycin, oxytetracycline, streptomycin and 
sulfamethoxazole compared with the same species from traditional farms. 
These results suggest that the species composition and antimicrobial 
resistance of enterococci in tropical aquatic environments are influenced by 
faecals and antimicrobial pollution.  
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Conclusions and Recommendations 
 
 
Conclusions: 
 
 The finding of this study demonstrated that: 
 
1- Both Gram negative and Gram positive bacterial pathogens were 
isolated from gills and intestines of apparently healthy Oreochromis 
niloticus fish raised in Alshagara fish farm. 
2- Gram-negative bacteria were predominant in this study. 
3-  The bacteria isolated from apparently healthy Oreochromis niloticus 
fish are facultative opportunistic pathogens, which can cause diseases 
under certain environmental stress condition. 
4- Bacterial diseases in fish could be an important constraint in dense 
population of cultured food or aquarium fish. 
 Recommendations: 
 From the results and discussion of this study, the flowing 
recommendations are suggested: 
1- The prevalence of Aeromonas hydrophila and Aeromonas sobria 
associated with fish diseases needs further study. 
2- A study on the effect of ponds water and sediment on bacterial load 
and on the types of bacteria of gills and intestines of Oreochromis 
niloticus fish. 
3- Further study on the influenced of bacteria of artificial supplementary 
feeds taken by fish on the intestinal bacterial of fish.    
     4- Good management of environment surrounding fish population in      
ponds is necessary to prevent the fish from bacterial diseases.   
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